INTRODUCTION
The magnetosheath separates the bow shock from the magnetopause. The solar wind plasma, which is superfast magnetosonic, slows to a speed below the local fast magnetosonic speed across the bow shock. The slowed flow in the magnetosheath is diverted around the magnetopause, continues along the flanks, and then speeds up to the solar wind velocity in the downstream magnetotail. Considerable attention has been directed to the consequences of the coupling of the magnetosheath to the magnetosphere. In particular, it is well known that the magnetosheath flow drives plasma convection in the magnetosphere both through a viscous interaction between the magnetosheath and magnetospheric plasmas at the magnetopause boundary layers [Axford and Hines, 1961; Axford, 1964] and through magnetic reconnection between the magnetosheath magnetic field and the magnetic field of the magnetosphere [Dungey, 1961] . However, less attention has been directed at fully characterizing the magnetosheath itself (but see Saunders [1990] , Song et al. [1990b] , and Southwood and Kivelson [1992] ) or at examining details of the coupling between the magnetosheath and the magnetosphere along the flanks of the tail (but see Gosling et al. [1986] , and Saunders [1990] [Bame et al., 1978] .
Supporting data are obtained from the MIT faraday cup and Los Alamos National Laboratory electrostatic analyzer [Bame et al., 1967] on IMP 7 and IMP 8. Data from the ISEE l and 2 magnetometers [Russell, 1978] Figure  1 . Empirical bow shock [Howe and Binsack, 1972; Farris et al., 1991] and magnetopause [Howe and Binsack, 1972; Petrinec et al., 1991; Sibeck et al., 1991] Figure  3 ), the ion bulk flow velocity was low on average, the ion temperature was --,2--4 keV, which is a typical plasma sheet ion temperature, and the ion number density was ,-_2-3 cm 3.
We suggest that this was a plasma sheet encounter including pulses of boundary layer plasrha at 0010, 0120 and 0220 UT and possible magnetopause crossings near 0308 and 0405 UT.
Following the plasma sheet encounter (after 0500 UT) a region of fast tailward ion bulk flow (Vx__-550 kin/s) was encountered. The ion temperature dropped to hundreds of electron volts and the density dramatically increased to 30 cm "3. The IMP 8 data ( Figure  4 ) for this interval showed a high ion number density in the magnetosheath (40-80 cm -3) accompanied by an ion bulk flow velocity of ,,_600 km/s and a strong magnetic field (_40 nT, see Figure  5 ).
Thus, the region labeled 2 in Figure 3 Figure  3 ). Starting at ,-_ 1130 UT, ISEE 2 was in the plasma sheet until -,_ 1400 UT (labeled 5 in Figure 3 ). After that a strong tailward flow was observed again (labeled 6 in Figure  3) [Ogilvie et al., 1984; Takahashi et al., 1991] .
Note that the angles between the X-Ysc plane and the magnetic field at 1544 UT (the first panel of Figure 7b ) and 1549 UT (the last panel) are ,-_27°and ,-_43°, respectively. shows that the magnetosheath flow speedexceeds600 km/s, with peak values of _780 km/s. These flow speedsare comparablewith those measuredat IMP 8 in the dusk magnetosheath (see Figure 4 ). Thus on both flanks of the magnetosphere, the magnetosheath flow speeds exceededthe solar wind velocity. IMP 8 on the dusksideof the magnetosheath saw fluctuations of the magnetic field with periods of --_5 min (Figure 9 ). Since the time resolution of the plasma data is poor, we are unable to analyze the corresponding plasma fluctuations quantitatively, but it seems that IMP 8 always stayed in the magnetosheath during the interval of interest. However, we have compared power spectra of the field fluctuations at IMP 8 and ISEE 2 on the duskside and dawnside of the magnetopause, respectively, and we have found that they differ. Figure  10 shows the power spectra of three components and total strength of magnetic field fluctuations for the time interval of t430-1540. There are peaks of power density at ISEE 2 near ,-_4 mHz whereas IMP 8 has a peak of lower frequency, _3 mHz. Table 1 summarizes the plasma properties observed in the solar wind and on the two flanks of the magnetosheath during the period from 1400 to 1800 UT. The solar wind velocity was 560 km/s, making a small angle with respect to the magnetotail axis, the ion temperature was of the order of 1 eV and the number density was 3 cm 3. In the magnetosheath, the flow velocity The dayside magnetopause has been described as a multilayered structure in several studies [Sckopke et al., 1981; Paschmann et al., 1982; Sibeck et aL, 1990; Song et al., 1990a] . The complexity of the plasma and field structure of the interface between the solar wind and the magnetosphere on the dayside should have some relation to the boundary structure in the tail.
Thus, it is meaningful to compare our complicated boundary crossings with those found on the dayside. For example, the field may pile up and form the so-called depletion layer near the magnetopause [Zwan and Wolf, 1976; Paschmann et al., 1978; Crooker et al., 1979; Sibeck et al., 1990] or slow mode-related structures may develop [Song et al., 1990b] . In parts of the magnetosheath where the magnetic field is dynamically important, the gasdynamic model may give misleading results.
Phenomenologically, the solar wind plasma near the magnetopause of the Earth or the other planets acquires considerable inhomogeneity because it is confined to flux tubes that extend through the bow shock, linking the unperturbed solar wind at the ends to plasma that has been diverted aroundthe magnetopause. The consequences are most extremefor flux tubesthat pass nearthe stagnationpoint andthen flow antisunwardvery nearthe magnetopause. If a magnetic flux tube near the Sun-Earthline in the solar wind approaches the Earth, the portion of the flux tube near the subsolarpoint slows down acrossthe bow shock, continues to slow as it approachesthe magnetopause and then is diverted around the flanks of the magnetopauseas part of the magnetosheath flow. The portions of a flux tube outside of the bow shockcontinue to move with the solar wind plasma. This meansthat magnetic tension B-VB/4r builds up unless the flux tube reconnectswith magnetosphericfield lines. Figure 11 illustrates the magnetic field structure in the magnetosheath for a northwardIMF if no reconnectionoccursat the magnetopause. The argumentis equally valid for any other direction of the IMF provided that magneticreconnectionis not overwhelmingly important. If the portions of magnetic flux tubesin the magnetosheath, especiallythe onesnearthe subsolarmagnetopause, slow down in the vicinity of the subsolarpoint, they must speedup elsewhereto catch up with the endsthat remain in the solarwind. Somewheretheir flow velocity mustexceedthe solarwind speed.The questionremaining is wheredo theseflux tubesstartto accelerate or, in other words,wheredoes the magnetictension in the flux tubesbegin to release?As an analogy,the releaseof magnetic tensionis like launchinga stonefrom a slingshot. If there is no dragon the band,the stonewill be launchedandthe tensionof the bandwill be released.Around the dayside,the magnetopause provides the drag on the magneticfield in the magnetosheath. On the nightsideflanks, the drag decreases andthe tensionis released. The shapeof the magnetopause is importantin controlling the drag, and pressurebalanceat the magnetopause is crucial.
To estimatequantitatively the importanceof the magnetic field in the magnetosheath for the caseof interest here, we use data from spacecraftobservations.We introduce the steady state MHD equationsin Gaussianunits,
where p is the mass density and P is the thermal pressure of the fluid. Equation (3 We then pursue the possibility that the waves seen by ISEE 2 ( Figure  6) are K-H-generated waves. Schematically, Figure  14 shows the waves seen by ISEE 2 and IMP (Figure 6 ). Figure  14 also shows that the magnetic field in the magnetosheath drags the trailing edges of the waves toward the antisunward direction, which explains the sawtooth structure of the waves seen by ISEE ( Figure  6 and Table 3 ). To verify if the magnetic tension in the magnetosheath is important in accelerating plasma, we trace the magnetic field lines along the flow path through the region of accelerated flow.
The light curve near the magnetopause in Figure  15c is the path that we follow. Figure  16 shows the magnetic field lines that cross the equator along the designated curve.
In Figure  16 , the magnetic field lines near the magnetopause stagnation point begin to bend downstream. The bending grows as they slip around the dayside.
As they approach the terminator, the field lines begin to straighten just where the magnetic tension B.VB/4r releases its energy to the plasma.
In order to catch up with the solar wind plasma, the plasma on the part of the magnetic flux tubes in the magnetosheath must be flowing faster than the solar wind.
We noticed in the previous section that the position where the magnetic flux starts to release the tension depends on the shape of the magnetopause. And we declared that the acceleration is more likely to happen when the flaring of the magnetopause is small. The simulation result supports our model ( Figure  15c ). In summary, the result of a three-dimensional simulation indicates a significant magnetic effect not only on the flow velocity of the magnetosheath plasma but also on the shape of the magnetopause. It is also interesting how the shape of the magnetopause changes with northward IMF.
DISCUSSION
Sibeck et aI. [ 1991 ] reported that for a northward IMF the position of the subsolar magnetopause moves out as the IMF Bz increases. In our study, the magnetopause has been found to have stopped flaring at X_sM _ -15 Re. The dotted curve in Figure  1 shows the position of the magnetopause observed in our event. The boundary, less flared than the nominal magnetopause, has been drawn to show the ISEE 1 and 2 spacecraft just at the boundary and symmetric about an aberrated axis. The symmetric assumption is dictated by the evidence from IMP 7 that the solar wind flow was nearly radial. The model leaves IMP 8 in the magnetosheath, which is consistent with the data. The dotted curve has also been closed across the aberrated axis at a position sunward of the nominal nose of the magnetopause. Although this outward extension near noon has not been observationally proved for our event, it is consistent with Sibeck et aI.'s statistical results described above.
We propose that the magnetopause shape shown in Figure  1 can be interpreted as follows:
The to the dayside without changing the polar cap flux. The reason is that the lobe field lines at the high-latitude reconnectionsites poleward of the cusp are removed by solar wind flow after reconnectionand this decreasesthe magnetic flux in the tail lobes. On the other hand, the low-latitude endsof the reconnectedlobe field lines drapefrom the polar cuspsacrossthe dayside, thereby adding magnetic flux to the dayside magnetosphere. If the strength of the magneticfield in the daysidemagnetosphere doesnot increasemuch but balancesthe pressure of the magnetosheath, the subsolarmagnetopause must move out. To estimatethe changeof the standoff distancewith the size of the tail crosssection,we map the polar cap to the dayside equatorial plane using a dipole field. Assuming that a fraction f of the magnetic flux of the polar cap _ec is added to the dayside magnetosphere both from a reduction in the net open flux and from lobe reconnection, and that the average sizes of the polar cap and of the dayside magnetopause are -,_ 150 and L (in Earth radii, RE), respectively, we have
where Bo is the magnetic field strength at the equator on the surface of the Earth. If the average standoff distance of the subsolar magnetopause L is 10 Re, the change of the standoff distance is
This shows that as the magnetic flux in the magnetotail decreases by, for example, a factor of f = 1/7 (or the radius of the tail decreases by 5% if the magnetic field strength in the tail lobes does not change very much but balances that in the tail magnetosheath), the standoff distance L increases by AL = 1 Re, which is comparable with the displacement observed by Sibeck et al. [1991] .
It is natural to ask why accelerated flows of the sort we report, quite different in character from those associated with reconnection on the flanks, have not been identified previously.
We think that the explanation relates to the relatively infrequent occurrence of persistent northward IMF, the fact that most of the high-resolution plasma data comes from spacecraft in relatively low inclination orbits, and the scarcity of multispacecraft observations. At highlatitude magnetopause crossings, one might expect to encounter flows accelerated by field line tension when the IMF lies close to the ecliptic plane, and this would be interesting to look for in HEOS data.
A complete MHD flow model needs to be worked out explicitly. More observations of high-speed flows in the magnetosheath are necessary to verify the importance of the magnetic tension for different orientations of the IMF. Since it is hard to estimate the magnetic tension directly from observations, three-dimensional MHD simulations will help us to identify the role of the magnetic field in the magnetosheath.
We summarize the principal points of our study:
(1) We have presented evidence of high-speed flows (V > Vsw) in the low-latitude magnetosheath during a strongly northward IMF.
(2) Magnetic tension in the magnetosheath and the geometry of the magnetopause both play important roles in accelerating plasmas in the magnetosheath. Howe and Binsack, 1972] and magnetopause [Farris et al., 1991; Howe and Binsack, 1972] are plotted. The dynamic pressure in the upstream solar wind for the models is _2 nPa without considering the IMF Bz contribution.
The dotted curve is a possible magnetopause for our event, obtained by extrapolating Sibeck et al.'s B z dependent model subsolar and dawn-dusk distances to IMF Bz _-10 nT and combining this with the observed magnetopause position from ISEE 2 by using a rescaled Howe and Binsack nightside magnetopause model. We have assumed symmetry about the aberrated XcsM axis. The fact that IMP 8 was simultaneously in the magnetosheath on the duskside suggests that our model is not far off. The magnetopause crossings of ISEE I and 2 were identified by using ion and electron distribution functions and magnetic field components. The bow shock is represented for a nominal solar wind magnetic field of the order of 5 nT. The bow shock can be expected to have been further from the Earth and to have been more flaring in our event which probably had a smaller Mach number in the upstream solar wind as we believe the IMF was unusually large. Fig. 2a . Data from the IMP 7 Los Alamos National Laboratory plasma instrument in the upstream solar wind. From top to bottom, the components are the ion bulk flow velocity, the azimuthal flow angle, the ion density, and the parallel and perpendicular ion temperatures. The azimuthal flow angle is zero antisunward and positive from dawn to dusk. Note that the azimuthal flow angle is the actual flow angle. The flow aberration due to the motion of the Earth's inertial frame with respect to Sun has been already removed. Fig. 2b . Data from the MIT plasma instrument on IMP 7 in the upstream solar wind. From top to bottom, the components are ion bulk flow velocity, flow angles, ion number density, and ion temperature. Note that the azimuthal (east-west) flow angle is the actual flow angle (see Figure 2a) . The MIT and the LANL instruments show that the average temperatures in the solar wind between 1400 and 1800 UT were _5 eV and 1 eV, respectively, the number density was _3 cm 3, and the ion bulk flow velocity was 560 km/s. Since the flow angles measured by the two instruments are different, the flow direction of the solar wind remains indeterminate. The marked change of plasma properties after 1400 UT was likely due to a change of upstream solar wind conditions.
The temperature, especially after 1400 UT, is substantially lower than atypica] sheath temperature, which is _I00 eW. The horizontal line segment in the top panel is the averaged upstream solar wind velocity seen by IMP 7. Lacking magnetic field observations in the upstream solar wind, we use the IMP 8 magnetometer as an indicator of IMF B z. Corrections need to be made for the distortion of the IMF in the magnetosheath flow, but at low latitudes, such distortion affects predominantly the x and y components, and in the interval of primary interest (140(O1800 UT), these components are small. Referring to the second panel from the bottom, the IMF Bz changed sign several times and then at 0900 UT took on a steady value. After the IMF became strongly southward at 0900 UT, dayside reconnection presumably began and the magnetopause began to flare which caused the ISEE 2 spacecraft to enter the lobe (the third interval in Figure 3) . After 1140 UT, the IMF turned strongly northward and this configuration lasted for many hours. .A 10-rain interval ofFPE and magnetometer data asa guide totheionand electron distribution functions inFigure 7b.Sixdistinct electron andiondistribution functions were selected from a fullcycle ofplasma and field fluctuations. These data reveal thechanges within acycle ascrossings ofthe magnetopause back and forth between the magnetosheath and theLLBL. The triangles in the Ni and Bx panels show the times when the measurements of Figure   7b were taken.
The time resolution of the data is 12 s. The Sun is to the left and dusk is down. The LLBL is identified by the presence of cold streaming electrons along field lines and enhanced electron and ion temperatures.
The magnetosheath is cold and shows no streaming along B. The labels at the top left comer of the electron contour plots correspond to the measurements labeled by numbered triangles in Figure 7a . The contours are classified as follows: 1 and 6 are the LLBL, 4 is the .magnetosheath, and 2, 3, and 5 are the transitional regions between the LLBL and the magnetosheath. Fig. 8 . Data from the cross fan plasma instrument of ISEE 1. From top to bottom, the components are ion bulk velocity, azimuthal flow angles, ion number density and ion temperature.
Note that the measured ion bulk flow velocity is different from that calculated from the FPE measurement on ISEE 2 (Figure 6 ). The bandwidth is 5 for both spacecraft. Note that the major peaks of the spectra for ISEE 2 and IMP 8 are located at _4 and _3 mHz,. respectively. Along the flanks, the release of magnetic tension of draped magnetic fields is proposed as an important mechanism for accelerating plasmas in the antisolar magnetosheath. At x = X2, the tension is minimum and the velocity is maximum. The diagram is taken by cutting through a X-YcsM plane at a small but positive ZcsM by where ISEE spacecraft were passing and letting the representative magnetic field lines go through the plane and extend to the positive ZGSM domain. Note that the magnetic tension is stronger at the inner part of the magnetosheath than at the outer part. The inner part of the magnetic field lines has a negative Bx component and the outer part has a positive one. The inner part of the magnetic field lines tends to come together at the outbound edges in the magnetosheath because of the magnetic tension. Fig. 15 . Velocity contours of a three-dimensional MHD simulation for different IMF conditions: (a) B.=-I0 nT, (b) no IMF, and (c) Bz=10 nT. The upstream solar wind is taken to have Vsw = 600 km/s, Ti = 2 eV, and Ni = 5 cm 3. Positions of the bow shock and the magnetopause for three cases are drawn on to the plots (heavy curves). For a comparison, the magnetopause for Bz=10 nT is overlaid with Figures 15a and 15b (the dashed curves) . The light curve near the magnetopause in Figure 15c is the path along which we trace magnetic field lines in the following diagram ( Figure 16 ). The interval of the contours is 15 km/s. The portions of the dense and irrelevant contours inside the magnetopause and near the subsolar region are abbreviated.
Note that a portion of flow velocity in the magnetosheath for the northward IMFcase (the stippled area) has alarger velocity than theupstream solar wind velocity (600 krn/s). Fig.16 . Magnetic field lines ofthe computer simulation with theIMFBz = 10 nT that intersect the light curve in Figure   15c . The curvature of these field lines causes the plasma to be accelerated. Ni, cm 3 3.1 i-0.8 3 3.5 :L-0.8 2.7 _+0.5
Time interval: 1400-1800 UT, February 15, 1978. Angle _ is positive from west to east. The solar wind aberration was corrected.
"LANL (37 points). tMIT (estimate). _:MIT (100 points). _X fan (Vp,>600, 120 points). _Adopted from Sibeck et al. [1990] . IMF: horizontal; mainly in By (GSM). Bz was small and changing sign. The position of ISEE was at 0800 LT and 30" above the X-YcsM plane. 
